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Abstract
 In order to increase reliability and safety level with reasonable cost, it is vital for companies to select the appropriate maintenance 
strategy. The main objective of this paper is to assess different maintenance strategies (namely Total Productive Maintenance 
(TPM), World-class Maintenance Systems (WMS) and Traditional Maintenance) for transformer equipments of Mobarakeh Steel 
Company of Esfhan and select the best strategy. A number of conflicting objectives and constraints must be considered 
simultaneously for evaluating alternative maintenance strategies. To cope with this problem and also to consider the dependency 
among criteria and sub-criteria, an integration of Analytic Network Process (ANP) and fuzzy set theory has been suggested in 
this study.In the first step, factors which play role in selecting the best maintenance strategy have been determined by reviewing 
the research literature and interviewing with the experts. Considering the relations between these factors a network with 5 criteria 
and 12 sub-criteria have been proposed.In the next step group Analytic Network Process (ANP) method was adopted to prioritize 
these criteria and determine the optimum strategy. In order to deal with fuzzy data and analyzing the fuzzy decision matrixes, 
 Results revealed that the best maintenance strategy for transformer 
equipments of Mobarakeh Steel Company of Esfhan is World-class Maintenance Systems (WMS). 
1. Introduction 
Maintenance plays an important role in keeping availability and reliability levels, product quality, and safety 
requirements (Mobley, 2002). Asset management, more specifically maintenance management, is a big issue 
nowadays. The economic downturn and the dynamic business environment drive companies to seek more efficient 
and effective maintenance (Van Horenbeek, Pintelon, & Muchiri, 2010)
that industries try to sustain full production capabilities, while minimizing capital investment (Eti, Ogaji, & Probert, 
2006).The importance of the maintenance function has increased because of its role in keeping and improving 
system availability and safety, as well as product quality (Muller, Crespo Marquez, & Iung, 2008). 
The purpose of this article is to review the literature on selection the best maintenance strategy and to prioritize 
the factors affecting this selection using Multi Criteria Decision Making (MCDM) methods and finally determining 
the most appropriate maintenance strategy in Mobarakeh Steel Company.  
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Numerous qualitative and quantitative criteria play role in evaluating alternative  maintenance strategies and 
determining the best one. Also, occasionally these criteria are conflicting. Qualitative criteria are often accompanied 
by ambiguities and vagueness. To cope with this problem, an integration of analytic network process and fuzzy set 
theory suggested in this study. The crisp pairwise comparison in the conventional ANP seems to be insufficient and 
imprecise to capture the right judgments of decision-maker(s). Therefore, in this study, a fuzzy logic is introduced in 
the pairwise comparison of ANP to make up for this deficiency in the conventional ANP, called as fuzzy ANP. 
2.  Literature review 
A maintenance concept is a set of maintenance actions and policies and the general decision support structure in 
which these are planned and supported (Pintelon & Van Puyvelde, 2007). Besides equipments, the selection of the 
appropriate maintenance strategy depends on the availability of maintenance facilities and capabilities. 
(Arunraj & Maiti, 2010) Therefore, an appropriate maintenance program must consider different maintenance 
strategies for different machines  (Wang, Chu, & Wu, 2007). 
Because of the importance of selecting the suitable maintenance strategy for equipment some studies have been 
done on this problem. For example: 
N.S. Arunraj et al. (2010) presents an approach of maintenance selection based on risk of equipment failure and 
cost of  maintenance, using Analytic hierarchy process (AHP) and goal programming (GP). Wang et al, (2007) 
evaluated different maintenance strategies, AHP method is applied for this paper . Bertolini and Bevilacqua (2006), 
suggested an integration of AHP and lexicographic goal programming approach to determine the best maintenance 
strategy. Al-Najjar and Alsyouf (2003) assess the most popular maintenance approaches, using a fuzzy multiple 
criteria decision making (MCDM). Also Bevilacqua and Braglia (2000) employed AHP in an Italian oil refinery in 
order to selecting the optimum maintenance strategy. 
 
2. Alternative maintenance strategies 
 
In current study three alternative maintenance strategies considered as follows: 
2.1. Traditional maintenance: In this paper, three strategies for traditional maintenance defined as following: 
Corrective maintenance, Predictive maintenance, Condition based maintenance (CBM)  
2.2. Total productive maintenance (TPM) is a management initiative that has been widely embraced in the 
industry. A positive strategic outcome of such implementations is the reduced occurrence of unexpected machine 
breakdowns (Gosavi, 2006).TPM is a proven and successful procedure for introducing maintenance considerations 
into organizational activities (Eti, Ogaji, & Probert, 2004) and, provides a comprehensive company-wide approach 
to maintenance management (McKone, Schroeder, & Cua, 2001). 
2.3. World-class maintenance: World-
industry in the world and, this must be supported by a combination of product design, quality, low manufacturing 
cost, innovation, shorter lead-time, reliable delivery performance and customer service. In simple terms, world-class 
manufacturers are those that demonstrate industry best practice .The goals of organizations should be therefore to 
maximize performance in these areas in order to achieve significant edge over their competitors (Kodali, Mishra, & 
Anand, 2009). 
 
3. The proposed SWOT fuzzy ANP methodology 
The general sub-matrix notation for the model used in this study is as follows: 
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Detailed explanation of AN
limitations we are not going to explain all the details of the methodology. Below the general approach is 
summarized in order to enable the reader to follow the paper with ease.  
Step 1: Form a committee of experts: For the application, an expert team with 13 members was formed. These 
experts were university professors and maintenance managers of Mobarakeh Steel Company. Determining the 
factors and sub-factors and also formation of pairwise comparison matrices used to calculate weights were done by 
the expert team.  
Step 2 (Model Construction): Determine all the elements that affect the decision and group them into clusters for 
the network. Every subnetwork contains a cluster with four maintenance strategy types, namely Traditional 
Maintenance, Total Productive Maintenance (TPM) and World-class Maintenance Systems (WMS). (See Fig. 1) 
 
 
Figure 1. ANP model for evaluating maintenance strategy alternatives 
Step 3: Determining the fuzzy importance weights of the main factors; assuming that there is no dependence 
among the factors (i.e. calculate ). Pairwise comparison of main factors was conducted using a triangular fuzzy 
number (TFN) scale and the local weights were determined. The fuzzy scale regarding relative importance to 
measure the relative weights is given in Table 1. This scale is proposed by Kahraman et al. (2006). Integrated fuzzy 
pairwise comparison matrix among main factors and weights of main factors is demonstrated in Table 2 and Table 
3. 
Table 1. The linguistic scale for relative dominance and their corresponding triangular fuzzy numbers (Kahraman, 2008). 
Linguistic scale a Triangular fuzzy scale Triangular fuzzy reciprocal scale 
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Just equal 
Equal dominance 
Weak Dominance 
Strong dominance 
Very strong dominance 
Absolute dominance 
(1,1,1) 
(1/2,1,3/2) 
(1,3/2,2) 
(3/2,2,2.5) 
(2,2.5,3) 
(2.5,3,7/2) 
(1,1,1) 
(2/3,1,2) 
(1/2,2/3,1) 
(2/5,1/2,2/3) 
(1/3,2/5,1/2) 
(2/7,1/3,2/5) 
a For pairwise verbal comparisons, dominance of element i over element j may be interpreted as importance, preference or 
influence 
Table 2. Integrated fuzzy pairwise comparison matrix among main factors 
 Safety Delivery Quality Cost Feasibility 
Safety (1,1,1) (0.73,1.1,1.67) (0.76,0.98,1.38) (1.21,1.83,2.54) (0.73,1.11,1.68) 
Delivery (0.6,0.91,1.38) (1,1,1) (0.24,0.36,0.63) (0.69,0.94,1.35) (0.54,0.75,1.29) 
Quality (0.72,1.02,1.32) (1.59,2.78,4.13) (1,1,1) (1.79,2.71,3.97) (1.81,2.62,3.39) 
Cost (0.39,0.55,0.83) (0.74,1.07,1.46) (0.25,0.37,0.56) (1,1,1) (0.64,0.88,1.36) 
Feasibility (0.6,0.9,1.36) (0.78,1.34,1.84) (0.3,0.38,0.55) (0.73,1.14,1.56) (1,1,1) 
Table 3. weights of main factors (without dependency) 
Criteria Safety Delivery Quality Cost Feasibility 
Weight 0.236 0.119 0.388 0.099 0.158 
 
Step 4: Determine, with the mentioned fuzzy scale, the inner dependence matrix of each main factor with respect 
to the others (i.e. calculate ). The schematic representation of inner dependence among the main factors is used 
for this aim. Inner dependence among the main factors is determined by analyzing the impact of each factor on 
every other factor. 
Table 4. Inner dependence among the main factors 
 Safety Delivery Quality Cost Feasibility 
Safety 0 0.015 0 0 0.316 
Delivery 0 0.276 0.369 0 0 
Quality 0 0.276 0.369 0 0 
Cost 0.684 0.156 0.044 0.684 0.684 
Feasibility 0.316 0.276 0.219 0.316 0 
 
Step 5: Calculate the interdependent weights of the main factors (i.e. calculate ). Weights of 
main factors with considering dependency are demonstrated in Table 5. 
Table 5. weights of main factors (with dependency) 
Criteria Safety Delivery Quality Cost Feasibility 
Weight 0.052 0.176 0.176 0.373 0.224 
 
Step 6: Determine the local importance degrees of the sub-factors with a fuzzy  scale (i.e. calculate 
). 
Step 7: Determine the global importance degrees of the sub-factors (i.e. calculate ). 
Step 8: Determine the importance degrees of the alternative strategies with respect to each sub-factor with a fuzzy 
 scale (i.e. calculate ).  The results of steps 6-8 is summarized in Table 6. 
Table 6. Weights of factors, sub-factors and alternatives under each sub-factors 
Main 
Criteria Weight 
Sub- 
criteria 
Local 
Weight 
Global 
Weight AL1 AL2 AL3 
C1 0.052 c11 0.511 0.026 0.098 0.252 0.651 c12 0.067 0.003 0.086 0.198 0.716 
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c13 0.422 0.022 0.050 0.184 0.766 
C2 0.176 c21 0.388 0.068 0.050 0.272 0.678 c22 0.612 0.108 0.050 0.192 0.757 
C3 0.176 c31 0.388 0.068 0.013 0.238 0.749 c32 0.612 0.108 0.017 0.157 0.826 
C4 0.373 
c41 0.219 0.082 0.000 0.513 0.487 
c42 0.158 0.059 0.050 0.184 0.766 
c43 0.622 0.232 0.087 0.291 0.622 
C5 0.224 c51 0.716 0.16 0.000 0.401 0.599 c52 0.284 0.064 0.045 0.276 0.679 
 
Step 9: Determine the overall priorities of the alternative strategies, reflecting the interrelationships within the 
main factors (i.e. calculate  ). The results can be found in Table 7. 
Table 7. Final priorities of alternative maintenance strategies 
 
Maintenance Strategy Traditional Maintenance  
Total Productive 
Maintenance (TPM) 
World-class Maintenance 
Systems (WMS) 
Weight 0.041 0.286 0.673 
 
4. Conclusion 
 
An optimal maintenance strategy plays a pivotal role in increasing availability and reliability of plants equipment. 
Also it can reduce unnecessary maintenance investment. The evaluation of maintenance strategies for a 
manufacturing company is a typical multiple criteria decision-making problem (Wang, et al., 2007). 
These criteria can be both qualitative and quantitative ones. Also, the relations between these criteria and sub-
criteria may affect the selecting convenient maintenance strategy. The main contribution of this study is to establish 
a maintenance strategy selection model by combining detailed factors and sub-factors and considering the 
relationship between factors.  
In order to deal with this problem a fuzzy modification of ANP is proposed in this study. The ANP methodology 
is a robust multi-attribute decision making technique for synthesizing the factors and sub-factors. this technique can 
takes into account the interdependency between criteria and sub-criteria. Also, fuzzy set theory employed for 
reducing the vagueness associated with manager preferences elicited via pairwise comparisons. In this paper the 
case of Mobarakeh Steel Company of Esfhan was presented to illustrate the proposed approach. 
From the proposed method, we find out the first three important main factors in alternative maintenance strategy 
evaluation are cost, feasibility and quality. The results of this study also suggest that personnel training, acceptance 
by labours and reduction in late deliveries are the most important sub-factors for maintenance strategy evaluation.  
h Steel Company World-class 
Maintenance Systems (WMS), followed by Total Productive Maintenance (TPM) and Traditional maintenance. 
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